Tribochemical interactions between antiwear zinc dithiophosphate (Zndtp), friction modifier molybdenum dithiocarbamate (Modtc) and overbased detergent calcium borate (OCB) lubricant additives have been investigated. A Cameron-Plint friction machine was used to generate large tribofilm areas in mild tribological conditions. Two analytical techniques, X-ray photoelectron spectroscopy (XPS) and X-ray absorption near edge structure spectroscopy (XANES), have been employed to characterize the chemical species in tribofilms. XANES spectroscopy at the P K and L-edges, S Kedge, Mo L and M-edges and B K-edge was carried out in order to investigate phosphate, sulfide and borate species in tribofilms. The XANES spectra were recorded in both the total electron yield (TEY), surface sensitive and fluorescent yield (FY), bulk sensitive mode. This was completed with XPS analyses in the same location in the tribofilm.
INTRODUCTION
Modern lubricant formulations need both antiwear action and friction-reducing efficiency. Then, multifunctional additives are needed. Recent works have been performed on binary and ternary systems of additives as the system Modtc/Zndtp/OCB [1] . While the antiwear properties of ternary system are quite similar to the binary system as Modtc/Zndtp [2] , the friction-reducing properties of the ternary system are better than the binary system Modtc/Zndtp. In both case, MoS 2 sheets are dispersed in an amorphous matrix made of zinc and molybdenum phosphate glass (binary system) or calcium and zinc borophosphate (ternary system). However, in the case of the Modtc/Zndtp/OCB system, a preferential orientation of the MoS 2 sheets has been observed. The aim of this work is to study the behaviour of the ternary system Modtc/Zndtp/OCB and in particular to explain why the MoS 2 sheets are orientated, related to the hybridization of boron.
EXPERIMENTAL
The Zndtp additive corresponds to a secondary C 3 , C 6 type and the weight percentage of Zndtp in oil is 1.45%. The Modtc is mainly composed of di-sulfide-bis [oxo(dialkyldithiocarbamate)] molybdenum, it is added at a concentration of 1.6(wt%) in oil. OCB detergent is used at 3(wt%) in the base oil. Base oil is a mixture of GrIII/GrI (82/18).
Large tribofilm were generated by sliding a cylinder on a steel flat sample in a bath of oil using a Cameron-Plint TE77 machine. Cylinder and flat are made of 52100AISI steel and polished with 1µm diamond solution. Experimental tests were conducted at 60°C (oil bath) for 30 minutes. Normal load is 350N and the resulting initial maximum Hertzian pressure is 0.6GPa.
Comparison XANES and XPS spectroscopy have been used to characterize tribofilms. XANES spectra at the P L-edge, P K-edge, S K-edge, Mo M-edge, Mo L-edge and B K-edge. 
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XPS analysis was performed in the same area of the tribofilm. XANES spectra were obtained at CSRF (Canadian Synchrotron Radiation Facility) using 1 GeV Aladdin storage ring. The XANES spectra were recorded in both the total electron yield (TEY), surface sensitive and fluorescence yield (FY), bulk sensitive mode. XPS was performed with a nonmonochromatized source which had a dual anode for Mg Kα and Al Kα.
RESULTS AND DISCUSSION
Wear scar measurements have been made on different tests (Modtc, OCB, OCB+Modtc, OCB+Modtc+Zndtp). It consists in measuring the WSD (Wear scar diameter) which is directly related to wear and to the antiwear properties of additives. In literature, ternary mixtures display better antiwear properties than binary ones [1, 2] . In our case, there is almost no difference between binary and ternary systems. The load applied seems to be at the origin of this difference. When we applied high load, the ternary system has better antiwear properties than binary system. XANES P L-edge and K-edge show that adding OCB in the mixture Zndtp/Modtc does not modify the features of zinc polyphosphate (short chain, [3] ). However, we observe the formation of calcium phosphate (due to OCB) but we also observe an increase of the proportion of iron phosphate. The presence of calcium phosphate involves an interaction between additives. No detection of borophosphate has been observed which is not consistent with previous studies [1] .
S K-edge spectra reveal that the ternary mixture enhances the formation of MoS 2 in detriment of ZnS. Zndtp induces formation of ZnS and Modtc the formation of MoS 2 . Adding OCB increases the rate of MoS 2 in the tribofilm. The origin of this increasing is due to the contact because no such observation is observed on the thermal films.
Mo L-edge and M-edge spectra show that only a few quantity of Mo contained in oil is present under the form of MoS 2 . Moreover we notice that the proportion of MoS 2 is more significant in the ternary system. For each tribofilm, we observe that the proportion of boron sp 2 is more important than in oil alone. However, sp 2 and sp 3 ratios of oils are still the same in used and not-used oil. It means that boron has changed of hybridization from sp 3 to sp 2 during friction test. This hybridization can be correlated to the MoS 2 sheet orientation. This change attributed to a coupling effect of thermal and tribological effects. Indeed an increasing proportion of sp 2 hybridization of boron is also observed in the case of thermal films.
